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Introduction 

Biomarkers of potential harm (effect) for smokers should be reasonably expected to predict 
clinical outcome in relation to smoking. The Institute of Medicine (2001) defines the term “Biomarker of 
Potential Harm” as a measurement of an effect due to exposure. These include early biological effects, 
alterations in morphology, structure or function, as well as clinical symptoms consistent with disease. The 
term biomarker of effect is more commonly used in the scientific literature. There are currently no 
specific biomarkers of respiratory disease due to smoking tobacco products (Institute of Medicine 
Committee to Assess the Science Base for Tobacco Harm Reduction, 2001). However, current evidence 
from the literature suggests that there are some biomarkers of potential harm which are associated with 
the pathobiological pathway of chronic obstructive pulmonary disease (COPD), and are elevated in 
biological fluids of smokers when compared with nonsmokers. Here, we summarize the data of studies 
that evaluated four biomarkers of effect (Myeloperoxidase, Interleukin-8 (IL-8), Neutrophil elastase-cti- 
proteinase inhibitor complex (NE-a -PI complex), and 8-isoprostane) in biological fluids obtained from 
nonsmokers, smokers, exsmokers and individuals with COPD (Table 1). Studies that report differences in 
the concentration of biomarkers of effect in biological fluids of nonsmokers, smokers and exsmokers and 
are associated with the pathobiological pathway support the validation and potential use of these 
biomarkers in clinical studies to evaluate potentially reduced exposure products. 

Interleukin-8 

Interleukin-8 is a chemotactic cytokine produced by alveolar macrophages, lymphocytes, 
epithelial cells, and neutrophils (Baggiolini et al, 1989). Its mam actions are neutrophil recruitment and 
activation (Smith et al., 1991). Neutrophils may release elastase contained in the secretory granules and 
degrade the structural proteins of the lung connective tissue, thus contributing to lung destruction (Carp et 
al, 1978). Smoking, a major risk factor in the development of COPD, has been shown to increase 
neutrophil recruitment (Hunninghake et al, 1983; Rennard et al, 1990) and retention MacNce et al, 
1989) in the lung. Reported smoke-induced recruitment of neutrophils may be mediated by IL-8 (Mio et 
al, 1997). 

Ekberg-Jansson et al., 2001 reported greater levels of IL-8 in the bronchial (BL) and 
bronchoalveolar lavage (BAL) fluid of “healthy” smokers when compared to nonsmokers. Additionally, 
IL-8 was closely related to the changes in lung function as determined by a change in the diffusion single 
breath carbon monoxide test (DLco)- 


Revision 0 


Page lof 15 


PM3006730999 


Source: https://www.industrydocuments.ucsf.edu/docs/nlvj0001 



Hill et al, 2000 reported a significantly lower concentration of IL-8 in the sputum of exsmokers 
with chronic bronchitis and emphysema when compared with current smokers with the same disease. The 
authors suggest that because IL-8 plays a key role in neutrophil recruitment, the beneficial effects of 
smoking cessation may be mediated by this cytokine. 

Similarly, in asthmatic patients, Yamamoto et al, 1997 reported that the sputum concentration of 
IL-8 was significantly higher in the smokers than the nonsmokers. However, in healthy subjects, the 
sputum concentration of IL-8 did not differ significantly between the current smokers and nonsmokers. 
The authors conclude that IL-8 may serve as a marker to evaluate the severity of airway inflammation. 

In contrast to the results of Yamamoto et al., 1997 several studies have suggested that IL-8 
concentrations are mcreased in healthy smokers when compared to healthy nonsmokers. 

Keatings et al, 1997 reported that the induced sputum concentration of IL-8 in healthy cigarette 
smokers was significantly higher than in the nonsmoking control subjects. They concluded that IL-8 may 
be involved in the inflammation observed with COPD. 

Mio et al., 1997 measured IL-8 concentrations in the BAL fluid of smokers and nonsmokers. 
They reported greater IL-8 concentrations in the proximal bronchial samples than in the distal alveolar 
samples. Interleukin-8 concentration in BAL fluid from smokers was greater than in the BAL fluid 
obtained from nonsmokers. Interestingly, there was no correlation between numbers of cigarettes smoked 
daily or pack years and IL-8 concentration in either bronchial or alveolar samples from smokers. 

Kuschner et al, 1996 reported statistically greater concentrations of BAL fluid IL-8 
concentrations from healthy smokers when compared with nonsmokers. When smokers were stratified by 
smoking intensity, concentrations of IL-8 were elevated in the pulmonary microenvironment of smokers 
in a cigarette dose-dependent manner. 

Lastly, McCrea et al., 1994 reported that there was no difference in BAL fluid IL-8 concentration 
between healthy smokers and nonsmokers. They did observe however, that concentrations of IL-8 were 
particularly elevated in two of the nine smokers, which is similar to the percentage of the population 
susceptible to smoking-induced COPD. From this association the authors conclude that the expression of 
IL-8 may be a marker for more intense airway inflammation and increased risk of COPD. Furthermore 
they suggest that a longitudinal study of a cohort of smokers with and without mild airflow obstruction is 
needed to detennine the predictive value. 

Overall these studies suggest that IL-8, a key component of the pathobiological pathway of 
COPD, is an appropriate biomarker of inflammation, . However, more studies are needed to evaluate the 
predictive value for clinical outcome of IL-8 measured in sputum and BAL fluid samples. 
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Myeloperoxidase (MPO) 


Increased numbers of neutrophils is not in itself, the contributing factor to a potential worsening 
of the clinical status. Instead it is the various active factors such as myleoperoxidase (MPO) that 
neutrophils may liberate that determine their significance in local inflammation (Schmekel et al,, 1991). 

Ekberg-Jansson et al, 2001 reported elevated MPO levels in blood and in bronchial lavage, but 
not in BAL fluid, in asymptomatic smokers compared to never-smokers. The authors reported strong 
evidence of the relationship between MPO and the degree of emphysema. Furthermore, using multiple 
regression analysis, the authors reported that MPO was the most important contributing variable to 
explain the variation in the single breath carbon monoxide test (DLco). 

Hill et al., 2000 compared airway inflammation between current and exsmokers with chronic 
obstructive bronchitis. The influence of neutrophils in the inflammatory process was assessed by sputum 
myeloperoxidase concentrations. Compared to current smokers, exsmokers had lower concentrations of 
IL-8 and myeloperoxidase concentrations in sputum although this failed to reach statistical significance. 

Behera et at., 1994 reported that neutrophils obtained from Indian bidi smokers and cigarette 
smokers contained higher MPO values when compared to age-matched nonsmokers. The authors 
conclude that the increased MPO activity in the neutrophils of bidi and cigarette smokers may contribute 
to the greater risk of obstructive pulmonary disease 

Bridges et al., 1985 reported that the neutrophils from smokers contained significantly higher 
MPO activity than those from age-matched, nonsmoking controls. Since MPO in the presence of H O 2 
and chloride ion oxidatively inactivates antiproteases of both the alveoli and the mucus-lined airways, the 
authors suggest that MPO activity in smokers may contribute to the greater nsk of obstructive pulmonary 
disease in some smokers by an exacerbation of the protease-antiprotease imbalance in the lung. 

Linden et al., 1993 assessed the manifestation and location of airway inflammation in smokers 
with chronic bronchitis or chronic bronchitis with airflow obstruction. For comparison, the airways of 
asymptomatic smokers and healthy nonsmokers were evaluated. In all cases bronchial lavage and 
bronchoalveolar lavages were performed. Myeoloperoxidase concentrations were greater in bronchial 
lavage fluid when compared with BAL fluid from all four groups. A significant difference was reported 
only m the bronchial lavage from the nonobstructed chronic bronchitis group. Similarly there was 
significantly more MPO in BAL fluid 

In summary, several investigators have measured MPO in sputum, bronchial lavage, 
bronchoalveolar lavage fluid and blood as a marker of neutrophil activation. Given the observation that 
MPO can exacerbate the protease-antiprotease imbalance in the lung, measurement of MPO may serve as 
a better biomarker of effect than simply measuring increased neutrophil numbers. 


Neutrophil Elastase-ci -Protease Inhibitor Complex (NE-a -PI) 

The connection between elastase burden and emphysema is not fully understood, however some 
investigators have measured the NE-a -PI complex in BAL fluid (Jochum et al., 1985;Rennard et al, 
1990;Yoshioka et al., 1995) as a marker of disease. In general the concentration of NE-a -PI complex in 
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BAL fluid probably reflects the total amount of neutrophil elastase released from inflammatory cells 
because a -PI generally exists in great excess of NE in BAL fluid . 

Betsuyaku et al, 2000 addressed the question of whether elevated levels of the NE-a -PI complex 
in BAL fluid are linked to the accelerated decline in pulmonary functions. Subjects with higher levels of 
the NE-a -PI complex in BAL fluid had a significantly accelerated decline in FEVj compared to those 
with lower levels, which seems to support the hypothesis that NE in the lung is related to the onset and/or 
progression of COPD 

Fujimoto etai, 1999 measured the immunoreactive neutrophil elastase-alphal-protease inhibitor 
(NE-a]pha 1 -PI) complex in patients with smoking-related stable emphysema and found significantly 
elevated levels when compared to healthy controls. 

Yoshioka et al., 1995 examined the quantity of NE-a -PI complex in the BAL fluid of current 
smokers with low attenuation areas (LAA) (i.e. an indicator of subclinical emphysema) as determined by 
computed tomography scans, as well as current and exsmokers without LAA. They reported significant 
differences in NE-a -PI complex levels between smokers with LAA and current smokers and exsmokers 
without LAA. However no difference in NE-a -PI complex levels was observed between smokers and 
exsmokers without LAA. 

The authors conclude that excesive NE-a -PI complex in BAL fluid is a factor that may 
differentiate current smokers who are developing emphysema from those who have comparable smoking 
history but do not have any sign of emphysema. 

Rennard et al., 1990 reported that the NE-a -PI complex adjusted for albumin was significantly 
elevated in smokers when compared to nonsmokers and decreased significantly with smoking reduction. 
It was concluded that the elastase burden of the lower respiratory tract can be reduced by smoking 
reduction. 

Jochum et al., 1985 reported no difference in NE-a -PI complex levels in the BAL fluid of 
smokers and nonsmokers. The authors report that these results were surprising and may be due to the 
short smoking history of the volunteers or that the NE-a -PI complex formed during smoking disappeared 
from the lung surface during the 24-h nonsmoking period that preceded the smokers lavages. 

In summary, recent studies strongly support the measurement of NE-a -PI complex in BAL fluid 
as a biomarker of potential harm. Furthermore, the results of Betsuyaku et al., 2000 and Yoshioka et al., 
1995 suggest that this biomarker is associated with the pathobiological pathway of COPD. More studies 
are needed to determine if the measurement of NE-a -PI complex in biological fluids other than BAL 
fluid is a biomarker of potential harm. 


Isoprostanes 

Because cigarette smoke is known to contain a large number of oxidants (Church et al, 1985) it 
has been hypothesized that many of the adverse effects of smoking may result from oxidative damage to 
critical biologic substances by direct or indirect mechanisms (Repine et al., 1997). 

In terms of specific diseases, oxidative inactivation of antiproteases may be involved in the 
development of COPD (Cantin et al., 1985) and oxidative modification of DNA can lead to the 
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development of cancer (O’Brien, 1988). Additionally, oxidative modification of low-density lipoprotein 
(LDL) is recognized by scavenger receptors and taken up by macrophages, a process considered pivotal in 
the development of foam cells in atherosclerotic lesions (Steinberg et al, 1989). Although oxidative 
damage has been associated with the pathogenesis of many diseases, only recently have accurate and 
reliable methods been established to assess oxidative stress in vivo. 

Isoprostanes are chemically stable prostaglandin (PG)-like compounds that are produced 
independent of the cyclooxygenase (COX) enzyme by free radical-catalyzed peroxidation of arachidonic 
acid. Given their chemical stability, their formation by a specific, free radical-catalyzed pathway and the 
potential precision and sensitivity of their measurement in biological fluids by mass spectrometry, they 
offer promise as indices of free radical generation in integrated systems (Morrow et al, 1995). 

Several studies have shown differences in isoprostane levels between smokers and nonsmokers in 
specific biological fluids such as urine (Bachi et al, 1996;Reilly M et al, l996;Pratico et al, 1998)Obata 
et al, 2000, plasma (Morrow et al, 1995) and exhaled breath (Montuschi et al, 2000). Reilly M et al, 
1996 have shown excretion of a specific isoprostane ( 8 -AoPGFza) is increased dose-dependently by 
cigarette smoking and falls upon smoking cessation. Similarly, (Pilz et al, 2000) have shown that 
refraining from cigarette smoking for a few days resulted in a significant drop of plasma, serum and 
urinary 8 -Ao-PGF 2 a. A steady state was observed after approximately 4 weeks of smoking cessation. 
When subjects resumed smoking increases in 8 -Ao-PGF 2 a occurred. Maximum levels w'ere measured 
following one week of resumed smoking (Chehne et al, 2001). 

Overall the results of these studies suggest that the measurement of isoprostanes represent a novel 
approach to the noninvasive assessment of oxidant stress in humans. 


Conclusion 

Although there are no specific biomarkers of respiratory disease due to smoking tobacco products 
(Institute of Medicine Committee to Assess the Science Base for Tobacco Harm Reduction, 2001), the 
articles presented in this memorandum support utilizing IL-8, MPO, NE-a -PI complex , and 8- 
isoprostane measured in various biological fluids, as biomarkers of effect in clinical studies designed to 
evaluate the effectiveness of potentially reduced exposure products in the area of CQPD. 
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Table 1 Biomarkers of Effect 


Bio marker cif FftV.ct 

1 nterkukin-H 

(IE-8) 

Sample. ■ 

•Material _ 

induced Sputum 

-Charfli'fortsfiisjjfthe. Subject Croups _ r 

Mean +/- SEM 

Control (N = 16) (Age : 39.4+/- 3.1) 
Smokers (N ^ 12) (Age: 37.8 +/- 2.8) 

CO PD (N - 14) (Age : 62.5 +/- 3.2) 

Asthma (N = 22) (Age : 30.5 +/- 1.4) 

. licstlits -;-£ 7 .. c. 

See higure 1 

l_ Reference" h . '-j, 

healings -l ah, 

1996 

Intei-leukin-8 (1L-8) 

Sputum 

Chrunic obstructive Bronchitis (COB) 
(Mean +/- SEM) 

All COB patients (N=42)(Age= 67.1+/-) .2) 
Subset 

COB Current Smokers (N=20) 

COB Bxsmokcrs (N=22) 

Chronic obstructive Bronchitis 
(COB) 

Medians with the (interquartile 
range in parentheses) 

COB Current Smokers 8.8 nM (3.5- 
15.5)* 

COB Exsmokers 2.0 nM (1.0- 9.5) 
♦Significant difference between the 
COB current and exsmokers. 

Hill etal., 2000 

Intcrkukin-S (IL-8) 

Blood 

Bronchial lavage 
Bronchoalveolar 
lavage 

Blood 

Smokers (n= 51) 

Never-smokers (n~32) 

Bronchial lavage 

Smokers (n-3 0) 

Never-smokers (n~l 7) 

Bronchoalveolar lavage 

Smokers (n-17) 

Never-smokers (n=17) 

Blood IL-8 (ng/L)mean (range) 
Smokere 17 (9-410) 

Never-smokers 9(9-11) 

Bronchial lavage 

Smokers 75 (11-270) 

Never-smokers 39 (19-160) 
Bronchoalveolar lavage 

Smokers 73 (9-440) 

Never-smokers 21 (9-110) 

Ekberg-Jansson 
et al. ? 2001 

Interleukin-8 (IL-8) 

BAL fluid 

Human bronchial epithelial cells (HBECs) 
werer obtained from four asymptomatic 
healthy donors. 

BAL fluid was collected from 11 normal 
healthy volunteers and 12 normal smokers. 

Epithelial lining fluid IL-8 
concentrations based on urea and 
albumin were significantly higher in 
bronchial samples than in alveolar 
samples. 

TL-8 was significantly greater in 
samples from smokers than from 
nonsmokers normalized by urea and 
albumin. 

cigarette smoke extract augmented IL- 
8 release from bronchial epithelial 
cells in a concentration & time 
dependent manner. 

Tadashi et al., 
1997 

Interleukin-8 (IL-8) 

Sputum 

COPD Age, yr : 68.8 +/- t .5 (53-85) 

Current smoker (n"!!) 

Ex-smoker (n~22) 

Asthma Agc.yr: 48.1+/- 2.4 (22-68) 

Current smoker (n=5) 

Ex-smoker (n~7) 

Nonsmoker (n—18) 

Control subjects Age, yr43.1 +/- 5.3 (28- 
54) 

Current smoker (n=5) 

Nonsmoker (n=7) 

COPD (IL-8 ng/mL +/- SEM) 

Current smoker 18.8 +/- 3.1 
Ex-smoker 23.3 +/- 2.1 

Asthma 

Current smoker 13.1 +A 2.8 
Ex-smoker 12.4 +/- 3.3 

Nonsmoker 5.3 +/- 1.0 

Control subjects 

Current smoker 4.5 +/-1.3 
Nonsmoker 2.8 +/- 0.7 

Y amamoto 
etal., 1997 

lnterleukin-8 (fl-8) 

BAL fluid 

Current smoker (n-14) (Age yrs; 37 +/-8) 
Current smoking pacKs/day 1.1+/- 0.6 
Median and range 1.0 (0.1 -2) 

Duration of smoking yr> 1 S.O +/- 5.9 

Median and range 19.0 (10-27) 

Consumption pack-yrs 22.0+/- 14.9 

Nonsmokers (n= 16) (Age yrs 30 +A 7) 
Lifetime nonsmokers (n-Il) 

Ex-smokers (n—5) 

Time since quitting for each subject yrs 

3,3,4.7 T 12,20 

IL-8 pg/mL 
Currentsmokvrs 32.8+/-15.9 
Nonsmokcrs [8.2+/- 11.5 

ICuschner et ah, 
1996 

InUrleukin-8 (IL-8) 

BAL fluid 

11 normal healthy volunteers 

Age, yr: 37.9*/-2.5 

12 normal smokers 

Age, yr: 43.9+7-2.9 

See Figure 2 

Mio et al., 1997 
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Blomarker of Effect 

Sample 

Material 

Characteristics ©f the Subject Groups 

Results 

Reference 

Myeloperoxidase 

Bloyd 

Bronchial lavage 
Broncb oalveo lar 
lavage 

Blood 

Smokers (n=5l) 

Never-smokeis (n=32) 

Bronchial lavage 

Smokers (n=30) 

Nevcr-smokers (n=17) 

Bronchoalveolar lavage 

Smokers (n=17) 

Ne ver-smokers (n= 17) 

Myeloperoxidase (ug/L) mean 
(range) 

Blood 

Smokers 251 (120-490) 

Never-smokers 198(120-330) 
Bronchia] lavage 

Smokers 39(15-89) 

Never-smokers 20 ( 1 5-45) 
Bronchoalveolar lavage 

Smokers 21 (7-120) 

Never-smokers 11 (7-20) 

Ekberg-Jansson 
etal-, 2001 

Myeloperoxidase 

Bronchial lavage 
Bronchoalveolar 
lavage 

Healthy non-smokers 

(n=! 0)(Age, yr 43+Z-2) (Pack-yrs- 0) 

Asymptomatic smokers 

(n=5)(Age, yr39 +/-2) (Pack-yrs 19.4+/- 

41) 

Chronic Bronchitis (CB) 

Smokers with nonohstructed CB 
(n=12)(46 +/- 2) (Pack-yrs 29.6 +/ 4.4) 
Smokers with obstructed CB 
(n=l 1 )(51 +/- 3) (Pack-yrs 31.8 +/- 6.9) 

See Figure 3 

Linden et al., 

1993 

Myeloperoxidase 

Sputum 

Chronic obstructive Bronchitis (COB) 
COB Current Smokers 

(N“20) 

COB Exsmokm 

(N=22) 

Chronic obstructive Bronchitis 
(COB) 

MPO units/mL Medians with the 
(interquartile range in parentheses) 
COB Current Smokers 

0.3 (0.1-0.5) 

COB Exsmokers 

0.1 (0.1-0.3) 

Hill et al., 2000 

M y el operoxid ase 

Blood 

Non-smoke 

(n=20) (Age.yrs; 37.25 +/- 1.92) 

Cigarette smokers 
(n=20) (37.05 +/- 2.09) 

Bidi smokers 
(n=20) (37.25 +/- 2.62) 

MPO units/mL +/- SEM 

Non-smoker 0.250 +/- 0 028 

Cigarette smokers 0.735 +/- 0.079 
Bidi smokers 0.709 +/- 0.095 

Behera et al., 

1994 

Myeloperoxidase 

Blood 

Non-smokers 

(n=49)(Age, yrs 31.1 +/- 1.1) 

Smokers 

(n=49)(A«e, vrs32.2+/- 1.1) 

Enzyme activity per 100 ml of whole 
peripheral blood (means +/- S.E.M.) 
Nonsmokers 22 23+/-1.52 

Smokers 36.55+/- 2.56 

Bridges et al., 

1985 

NE -ai-Pl complex 

BAL fluid 

Current smokers y> 7 subclinical (CT 

Scan) emphysema 

(N = 10) (Age ,yrs; 59+/~3)(Pack year of 
smoking = 47+/-13) 

Current smokers w/o subclinical (CT 

Scan) emphysema 

(N = 13) (Age,yrs; 62+/-3)(Pack year of 
smoking “ 44+/- 5) 

Noncurrent Smokers w/o subclinical (CT 
Scan) emphysema 

(N - 13) (Age ,yrs; 67 +/- 2)(Pack year of 
smoking — 33 +/- 9 (ex-smokers) 

Current smokers w/ subclinical (CT 
Scan) emphysema 

0.52 +/- 0.10 SEM ug/jng albumin 

Current smokers w/o subclinical 
(CT Scan) emphysema 

0.23 +/- 0.07 SEM ug/mg albumin 

Noncurrent smokers w/o subclinical 
(CT Scan) emphysema 

0.21 +/- 0.03 SEM ug/mg albumin 

Yoshiokaeta]., 

1995 

NE -a,-Pl complex 

BAL fluid 

Healthy Noosmokers 
(N=!5)(Age: 18-36 yrs) 

See Figure 4 

Rennard et al., 
1990 


Healthy Smokers 
(N=l 5)(Age:21 -44 yrs) 
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. Biotharkcr of Effect 

•.■Jtiiiijftr 

Material' *■' 

. _< tli.lidCifiiii.ii.si/l ilit - 

.'Kciuiiv -... ; jT -■■ ■_ 

7_-- 1 

Nil -ai-PI complex 

BAUUnd - 

Nonsmokers 

(N=s K Age: 27.8 =/- {0.8 yr) 

Smoker 

(N=9)(Age: 25+/-2.9yr) 

Nan smokers 

(0.36+/- 0-48 mmol elastase- 
alphalPI/mol albumin) 

Range (0 to i 5.6 ng elastasc/ml 
Smokers 

(0.33 +/- 0.29 mmol eiastase- 
alphal Pl/mol albumin) 

Range (0.6 to 7 ng elastasc/ml in 
smokers 

Jochum et al., 
1985 

NE-tti-Pl complex 

BAL fluid 

Noncnrrent smokers (n=10)(2 lifelong 
never smokers and 8 who had quit before 
BAL) (Age, yrs 58.8+/-3.1) 

Current smokers (n~l 6) (Age, yrs 58.7 +/- 
3.1) 

See Figure 5 

B etsuyaku 
ctak, 2000 

F 2 -isoprostattes 
(Free and esterfied 
to plama proteins) 

Plasma 

Pilot Study 

Smokers 

(N = 16) (Age: 55.2+/-8.3) 

Nonsmokers 

(N = 8) (Age : 54.4 +/- 8.7) 

Validation Study 

Smokers 

(N = 10)(Age: 32.8+/-7.8) 

Nonsmokers 

(N= 10) (Age: 32.4+/-7.7) 

Pilot Study (Mean +/- SD)(pmol/L 
plasma) 

Nonsmoker (Free) (90 +/- 52) 

Smoker (Free) (166+/-58) 

Nonsmoker (Estenfied) (290 +/- 90) 
Smoker (Esterified) (496+/-276) 

Validation Study 

N onsmoker (Free) (103+/-19) 

Smoker (Free) (242+/-147) 

Nonsmoker (Esterified) (345 +/- 65) 

Morrow et al, 
1995 


Smoker (Esterified) {574 +/- 217) 
Short term smoking had 
no effect on circulating levels. 


Before two week smoking 
abstinence 

Free (250+/-156) 

Esterified (624+/-2I4) 

After two week smoking abstinence 
Free (156+/-67) 

Esterified (469+/108) 


8-Epi-prostaglandio Urine 
FiB 


Non Smokers 

(N=6)(Age:29.8 +/- 3.7) (body surface area; 
1.98+/- 0.17 m2) 

Smokers 

(N-6)(Age:29.8 +/- 5.8) (body surface area 
2.01 +/- 0.07 m2) 

Smokers reportedly consumed 19+/- 7 
cigarettes/day. 


Mean +/- SD Bacht et al.. 

Smokers 18.40+/-4.77 ng/h/1.73 m2 1996 
Nonsmokcr 8.08+/-2.3 ng/h/1.73 m2 
Smoker mean intrasubject variation 
5.2+/- 3.9% (range 2.1 - 10.5%) 

Non smoker mean intrasubject 
variation 

11.8+/- 8.0% (range 4.5-24.3%) 


8-Epi-prostagIandin Urine 

Study 1 (Cross-sectional investigation) 

Mean +/- SEM 

Reilly et al.. 


Nonsmokers 

Nonsmokers 63.7 +/- 5.0 pmoJ/mmol 

1996 

(N=24)(Age and sex matched) 

creatinine 



Smokers 

Smokers 122.5 +/- 10.S pmol/mmol 



(N=24)(Age:20-47) 

creatinine 



Study 2 (Dose-response relationship) 

Heavy Smokers> (30 cigarettes per 



Moderate smokers 

day; range 31-45. Median 38) 



(N=5) 

176.5 +/- 30.6 pmol/mmol creatinine 



Heavy smokers 

Moderate smokers (15 to 30 



(N=5) 

cigarettes per day. Median, 23) 



Age and sex matched controls. 

92.7 +/-4.S pmol/mmol creatinine 



Study 3 (Effects og smoking cessation) 

Matched nonsmoking control 



(N=6) 

54.1 +/- 2,7 pmol/mmol creatinine 

Pre Smoking cessation mean 

145.5 24.9 pmot/mmol creatinine 

Mean 2 weeks following cessation 

114+/- 27.1 pmol/mmol creatinine 
Mean 3 weeks following cessation 

112 6 +/- 24.9 pmol/mmol creatinine 
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Biomarker of Effect Sample 
Material 


Characteristics of the Subject Groups 


Results 


Reference 
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Controls Smokers COPD Atthm* 

tn-16) |n*12) In-141 (n*2£) 


Figure 1. Concentration of interleukin-8 (IL-8) in the different subject 
groups. Mean values +/- SEM. (Keatings et al., 1996) 



NS S NS s Ms NS 8 

BRONCHIAL ALVEOLAR BRONCHIAL ALVEOLAR 


Figure 2. Antigenic IL-8 in bronchial and alveolar samples of BALF from nonsmokers (NS) and 
smokers (s) was measured by ELISA. The amount of IL-8 in ELF was calculated using urea as 
an endogenous marker of dilution (left panel) and expressed relative to albumin in BALF (right 
panel). Single asterisk indicates P<0.05; double asterisk indicates p<0.01 (Mio et al., 1997). 
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Figuie 3. Concentration (A) and total content (B) of myeloperoxidase (MPO) in cell-free BL and 
BAL fluid samples, HNS= healthy nonsmokers; AS= asymptomatic smokers; CB = nonobstructed 
chronic bronchitis; OCB = obstructed chronic bronchitis. Each bar represents +/- SEM. *p<0.05. 


***p<0.001 compared with HNS. (Linden et al., 1993). 
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Figure 5. Comparison of the annual decline in FEV1 between 
Figure 4. Neutfophil elastase alpha 1 -antiprotease groups with high and low levels of NE-ai-PI complex in BAL 
complex corrected for bronchoalveolar lavage fluid.The high level of NE-cc r PI complex in BAL fluid was 

albumin (ng/mg) (Rennard et al., 1990). defined as >0.43 ug/mg albumin, and the low level as <0.43 

ug/mg albumin (Betsuyaku et al., 2000). 
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